Biodosimetry for high dose accidental exposures by drug induced premature chromosome condensation (PCC) assay.
The conventional dicentric assay does not provide an accurate dose estimate in the case of accidental exposure to ionizing radiation above 6 Gy due to mitotic delay and poor mitotic index. The present study aims to establish a simple and rapid dose assessment technique based on scoring of rings and fragments in PCC spreads of stimulated lymphocytes. Human peripheral blood lymphocytes were gamma irradiated to different doses (6.2-24.5 Gy), cultured for two days with PHA and were forced to condense prematurely using 500 nM Okadaic acid (OA). The chromosome spreads were prepared, stained with Giemsa and observed under a microscope. The PCC index, PCC rings, and PCC fragments were scored for each dose point to arrive at the dose effect curve for various end points such as induction of rings and fragments and dicentrics. The PCC index varied from 12-18% up to 18 Gy and thereafter dropped to 6-8% at higher doses. The dose dependent increase in rings and fragments was found to be linear with a slope of 0.054+/-0.001 Gy(-1) for rings and 0.45+/-0.03 Gy(-1) for PCC fragments. An experiment was carried out to simulate partial-body exposure by mixing 10 Gy in vitro irradiated blood with un-irradiated blood in different proportions. The ratio of frequency of damaged cells among the total number of cells analyzed was found to be a good index of partial-body exposure. The culture duration was extended to 72 h to overcome the cell cycle delay induced by high doses of radiation. The conventional dicentrics rings and fragments also showed a dose response at high doses. The response can be best fitted to a linear model with a slope of 0.28+/-0.0007 Gy(-1) for the induction of dicentrics. However, long culture duration, technical skill and time required to analyse multi-aberrant cells makes the dicentric assay less suitable for high dose exposures requiring a rapid dose estimate. The PCC assay can be performed in 50 h with biodosimetric information about the irradiated fraction in cases of acute radiation exposures. The automated finding of PCC spreads significantly increased the speed of scoring PCC fragments.